Objective: The aim of the study was to evaluate the impact of a low glycaemic index (GI) breakfast on glucose tolerance and lipaemia at a subsequent lunch meal. Design: A low GI spaghetti meal and a high-GI white wheat bread (WWB) reference meal were served in the morning after an overnight fast in random order. Four hours after the breakfast, the subjects were given a second meal Ð a standardized high-GI lunch Ð and the blood glucose, insulin and lipid responses were measured after the lunch meal. Setting: The study was performed at the Department of Applied Nutrition and Food Chemistry, Lund University, Sweden. Subjects: Ten healthy volunteers, eight women and two men, aged 25 ± 51 y, with normal body mass indices, were recruited. Results: Lowered glucose and insulin responses and reduced serum triglyceride (TG) level were found at the subsequent lunch meal when the low-GI spaghetti meal was given as a breakfast. No differences in total serum cholesterol or HDL cholesterol were seen after lunch, when preceded by the WWB reference breakfast or the spaghetti breakfast, respectively. Conclusions: Improved glucose tolerance and lowered serum TG levels can appear in the course of a single day. As insulin resistance and raised postprandial TG concentration are known risk factors for cardiovascular disease, the present study adds evidence for a bene®cial role of a low-GI diet. Sponsorship: Cerealia Foundation for Research and Development (project no. 232) and the Swedish Council for Forestry and Agricultural Research.
Introduction
Low-glycaemic index (GI) food items that reduce glucose and insulin concentrations over the course of the day are increasingly being discussed as favourable in relation to disorders with the insulin resistant syndrome (e.g. diabetes and dyslipidaemia). In two recent epidemiological studies (Salmero Ân et al, 1997a,b) , it was shown that a high-GI diet is associated with an increased risk of type 2 diabetes. Consequently, an increased intake of low-GI foods such as pasta (Granfeldt & Bjo Èrck, 1991) , intact cereal kernels (Granfeldt et al, 1994) , sourdough bread (Liljeberg et al, 1995) and legumes (Tovar et al, 1992) should be encouraged. In previous studies, it has been reported that certain low-GI breakfasts may improve the glucose tolerance already at the following lunch meal (Jenkins et al, 1982; Liljeberg et al, 1999; Wolever et al, 1995) . This improvement has been referred to as a`second-meal' effect.
Not only the total blood cholesterol level, but also the postprandial triglyceride (TG) level has been suggested to pay a role in the aetiology of coronary artery disease (Gotto, 1990; Slyper, 1992; Weintraub et al, 1987) . In dietary intervention studies in healthy (Landin et al, 1992; Sandstro Èm et al, 1994) or hyperlipidemic subjects (Jenkins et al, 1997; Noakes et al, 1996) , a lowering of the blood lipid concentration has mainly been achieved by addition of certain dietary ®bre fractions to the diet. However, in a recently published study by Ja Èrvi et al (1999) , a low-GI diet, identical with respect to type and amount of dietary ®bre to the control diet, was able to reduce the blood LDL cholesterol level in type 2 diabetics.
The aim of the present study was to determine the impact of a low-GI breakfast not only on the glucose tolerance, but also on lipaemia at a following standardized lunch meal. Spaghetti was chosen as a model for a low-GI food with low content of indigestible carbohydrates, and a high-GI white wheat bread (WWB) was used as a reference breakfast. Thus, the products used in the breakfast meals were made from white wheat¯our, water and monoglycerides and differed only in food structure, which could explain the difference in GI. The metabolic responses following the lunch meal, i.e. 4 h after the breakfast, were registered in healthy subjects.
Materials and methods
Food products included in breakfast meals White wheat bread (WWB). Commercial white wheat ¯our (Kungso Èrnen AB, Ja Èrna, Sweden) was bought locally, and a standardized WWB was baked in a baking machine as fully described previously . After cooling, the bread was sliced (the crust removed), wrapped in aluminium foil, put into plastic bags and stored in a freezer until utilized.
Spaghetti. Spaghetti was obtained from Kungso Èrnen AB (Ja Èrna, Sweden). This pasta product was made from 100% durum wheat¯our with addition of monoglycerides, and subjected to high-temperature drying following mixingaforming in a pasta extruder. Before being served, the spaghetti was boiled for 12 min in 1 l of water containing 1 g of NaC1.
Chemical analysis A portion of bread and boiled spaghetti was dried and milled (Cyclotec, Tecator, Sweden) prior to analysis. The products were analysed for starch, protein and fat as described previously (Liljeberg & Bjo Èrck, 1996) .
Second-meal experiment in healthy subjects Breakfast meals. Reference breakfast: 122 g WWB, 8 g olive oil (Felippo Berio, Lucca, Italy) and 23 g cheese (10% fat, wet wt). Spaghetti breakfast: 190 g spaghetti, corresponding to 74 g dried spaghetti, was served with 8 g olive oil and 23 g grated cheese. In addition, 250 ml water and 150 ml of coffeeatea were included in each of the two breakfasts.
The WWB reference breakfast as well as the spaghetti breakfast contained 50.0 g starch, 15.3 g protein and 12.0 g fat, corresponding to 1554 kJ. The GI and insulin index (II) characteristics of the spaghetti breakfast have been determined previously (Liljeberg et al, 1999) and were found to be low (GI 52,II 42).
Standardized lunch meal. Four hours after the WWB reference breakfast and the spaghetti breakfast, respectively, the subjects were served a second meal in form of a standardized high-GI lunch. This meal consisted of 100 g commercially fried and deep frozen meatballs (ICA Handlarna, Sweden), mashed potatoes (instant potato powder from Felix, Eslo Èv, Sweden) and 60 g canned sweetcorn (Erasco, Lu Èbeck, Germany). The meatballs were heated in a microwave oven for 2.5 min at 460 W, and the instant potato powder (55 g) was reconstituted with 250 ml water before being served. In addition, 250 ml water and 150 ml of coffeeatea were served with each meal. The subjects were told to ®nish the lunch meal within 12 ± 15 min.
Subjects. Ten healthy volunteers, eight women and two men, aged 24 ± 51 y, with normal body mass indices (21.2 AE 1.4 kgam 2 ) and without drug therapy, participated in the study.
Blood analyses. Capillary blood samples were taken prior to the breakfast meal for determination of the fasting blood glucose, insulin, total cholesterol, HDL cholesterol and TG levels, respectively. Further, blood samples were taken immediately before the lunch meal (0 min, i.e. 4 h post breakfast) and at 30, 45, 70, 95, 120 and 180 min after lunch for analysis of glucose. Serum insulin was determined before (0) and at 30, 45, 95 and 120 min after lunch, and serum lipids at the following time points; before lunch (0) and at 30, 45, 95, 120 and 180 min after lunch.
The blood glucose concentrations were analysed with a glucose oxidase ± peroxidase reagent. The serum insulin levels were determined with an enzyme-linked immunoassay kit (Boehringer Mannheim GmbH, Germany) and serum lipids using a Re¯otron equipment (Boehringer Mannheim GmbH Biochemica, Germany).
Approval of the study was given by the Ethic Committee at the Faculty of Medicine at Lund University, Sweden.
Statistical methods
The results are expressed as mean AE s.d., and the statistical signi®cance of differences was assessed by the Wilcoxon matched-pair signed-ranking test. The SPSSaPC advanced statistic program (version 2.0, SPSS, Chicago, IL, USA) was used. A value of P`0.05 was considered signi®cant.
Results
The fasting blood glucose, insulin, total cholesterol, HDL cholesterol and TG levels were found to be in the normal range, and did not differ signi®cantly (P`0.05) before the test breakfast and the reference breakfast, respectively.
The blood glucose and insulin levels immediately before and following the standardized lunch meal preceded by the WWB reference breakfast and the spaghetti breakfast, respectively, are shown in Figures 1 and 2 . The blood glucose and insulin concentrations just before lunch were signi®cantly higher (P`0.05) after the spaghetti breakfast compared with the WWB breakfast. In contrast, signi®-cantly lower glucose (45 ± 95 min; P`0.05) and insulin levels (30 ± 45 min; P`0.05) after the lunch meal were registered when spaghetti was served as a breakfast, as opposed to WWB breakfast.
The serum TG concentrations just before lunch, and at 30 ± 95 min after lunch, were on average 15% lower after the spaghetti breakfast than after the WWB reference breakfast (P`0.05) (Figure 3 ). In contrast, no differences in total serum cholesterol or HDL cholesterol responses to Figure 1 Mean blood glucose concentrations in healthy subjects immediately before (ie 4 h post-breakfast) and following the standardized lunch meal preceded by different breakfast meals (WWB and spaghetti, respectively). Values with different letter are signi®cantly different, P`0.05.
Effects of low-glycaemic index spaghetti H Liljeberg and I Bjo Èrck
the lunch meal were seen after the WWB or the spaghetti breakfast, respectively (Tables 1 and 2) .
Discussion
The present results con®rm previous studies from our (Liljeber et al, 1999) and other laboratories (Jenkins et al, 1982; Wolever et al, 1995) , showing that certain low-GI breakfasts may improve glucose responses to the subsequent lunch meal, the so-called second-meal effect. In fact, we were able to repeat the results from a recent study (Liljeberg et al, 1999) where a low-GI spaghetti breakfast was found to improve not only the glycaemia, but also the insulin response at the following lunch meal. Similarly to that study, data from this work showed that the spaghetti breakfast was capable of postponing the in-between-meal fasting state, which might be an important determinant of improvements in 4 h glucose tolerance.
As judged from the results in healthy subjects, the serum TG levels just before and after the lunch meal were importantly reduced (approximately 15%) after the spaghetti breakfast, whereas no differences in total serum cholesterol or HDL cholesterol were seen either before or after lunch. According to Wolever et al (1995) , a possible mechanism for an improved second-meal glucose tolerance following a low-GI breakfast could be the slow release of starch in the small intestine, which suppress the free fatty acid (FFA) level in the blood. FFAs have been shown to impair insulin-mediated glucose disposal and enhance hepatic glucose output (Fraze et al, 1985; Ferrannini et al, 1983) , and TG production (Havel et al, 1970; Barter et al, 1972) . Thus, breakfast meals resulting in prolonged FFA suppression could result in improved insulin sensitivity and lower blood glucose and TG concentration later in the day.
In studies where the phase of glucose absorption was prolonged by increasing the meal frequency, as opposed to Effects of low-glycaemic index spaghetti H Liljeberg and I Bjo Èrck ingestion of a single bolus, a reduction of the total amount of insulin secreted to the carbohydrate load was found (Jenkins et al, 1990 (Jenkins et al, , 1992 . This may be the result of a lack of response of counter-regulatory hormones such as glucagon and catecholamines, and relates to the prolonged suppression of FFA levels (Jenkins et al, 1990) . Early in the 1930s, Ellis (1934) reported that spreading the glucose load reduced insulin requirements in diabetics. Moreover, of additional interest is the ®nding that increased meal frequency might be associated with lower blood cholesterol and TG levels (Arnold et al, 1993; Gwinup et al, 1963; Jagannathan et al, 1964; Jenkins et al, 1989; Jones et al, 1993; Jordan & Novascone, 1989) . In earlier studies the importance of a high blood TG concentration as a risk factor for coronary heart disease has not been considered. However, in a multivariate analyses by Patsch et al (1992) , it was concluded that postprandial TG levels are independent predictors of coronary artery disease. Moreover, the TG concentration in both fasting and non-fasting subjects have been identi®ed as risk factors for mortality from coronary heart disease in women (Bengtsson et al, 1993; Stensvold et al, 1993) . Consequently, the 15% lowering of the serum TG concentration after lunch post the spaghetti breakfast registered in the present study in healthy subjects, is an important ®nding which may have implications for dietary advice in relation to prevention of diseases within the metabolic syndrome.
It is concluded that improved glucose tolerance and reduced serum TG level could be seen already after lunch when a low-GI spaghetti meal was given as breakfast. These observations could probably be explained by reduced rebound of FFA levels after the breakfast meal. In the case of the lowered serum TG level, this result might also be related to the FFA concentration, since TG is a source of plasma FFAs through hydrolysis by lipoprotein lipase. In light of the knowledge that insulin resistance (Reaven, 1995) and raised postprandial TG concentration (Grif®n & Zampelas, 1995) are risk factors for cardiovascular disease, the importance of a low-GI diet should be emphasized.
